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ABSTRACT 

The existence of FR II objects that are kinetically dominated, the jet kinetic luminos- 
ity, Q, is larger than the total thermal luminosity (IR to X-ray) of the accretion flow, 
Li, i, is of profound theoretical interest. Such objects are not expected in most theo- 
retical models of the central engine of radio loud AGN. Thus, establishing such a class 
of objects is an important diagnostic for filtering through the myriad of theoretical 
possibilities. This paper attempts to establish a class of quasars that have existed in 
a state of kinetic dominance, R(t) = Q{t) / L^olit) > 1, at some epoch, t. It is argued 
that the 10 quasars in this article with a long term time average Q(t), Q, that exceed 
LEdd are likely to have satisfied the condition R(t) > 1 either presently or in the past 
based on the rarity of L bo i > LEdd quasars. Finally, the existence of these sources is 
discussed in the context of the theory of the central engine. 

Key words: quasars: general — galaxies: jets — galaxies: active — accretion disks 
— black holes. 



1 INTRODUCTION 

The connection between accretion flow parameters and ra- 
dio jet power is mysterious. Most quasars are radio quiet, 
however « 10% of optically selected quasars are radio loud 
and more import antly about 2% of q uasars have powerful 
FRII radio lobes IdeVries et alJ (12009) . The lobe emission 
is the signature that the time averaged j et kinetic lum i- 
nosity, Q, is enormous, Q > 10 44 ergs/sec IPunslvl l)200ll) . 
It is not known how powerful the quasar jet can be rela- 
tive to the thermal luminosity from accretion, Lboi- Under- 
standing the limits of jet power can help reveal the phys- 
ical nature of the quasar central engine. The primary ob- 
stacle in this exercise is that in order for Lboi and Q to 
be estimated contemporaneously necessitates that Q(t) be 
derived from parsec scale radio jet observations and such 
efforts are plagued by poorly estimated Doppler enhance- 
ment factors (raised to the fourth power) and the results arc 
often grossly inaccurate Punslv (2005); Pun slv and Tingavl 
(2006 ). For ex a mple, t he estimates of bla zar jet power 
in ICelotti et all <ll997)l) : IWang et all J2004I) indicate that 
R(t) = Q(t) I Lbolif) > 1 AGN are fairly common, but 
the results are skewed by poo rly constrained Doppler fac- 
tors [Puns^^uK^Tinga^ <l2005l) . Alternatively, the time av- 
eraged jet power Q can be estimated far more accurately 
from the isotropic properties of the exte nded emission. Some 
R = Q /Lboi > 1 sources were found in IPunslv and Tingavl 
(2006). Unfortunately the Q estimate is not contemporane- 
ous with the Lboi data, so one can not say if the sources 



presently satisfy or ever satisfied R(t) > 1. Grossly inac- 
curate measurements of Q are really of no value, so we 
must concentrate on the Q estimates and combine this with 
other information in order to establish a class of R(t) > 1 
sources. In section 3, a subsample of 10 FR II AGN with 
QEdd — Q I LEdd > 1, is argued to be comprised of R(t) > 1 
sources. 



2 ESTIMATION TECHNIQUES 

In this section, we review the standard estimation tech- 
niques used in the following analysis. The more information 
that is known about the large scale radio structure such 
as the radio spectral index across the lobe and high resolu- 
tion X-ray contours, the more sophisticated and presumably 
more accurate an estimate that can be obta ined for the en - 
ergy flux de l ivered to the lobes fro m the iet IPunslvl ll2005l) : 
iBirzan et al J2004ft ; Ipiiiililvl (1200 J) . Unfortunately, such de- 
tailed information does not exist for most radio sources and 
we need an expedience that is helpful for studying large sam- 
ples. Such a method that allows one to convert 151 MHz 
flux densities, fisi (measured in Jy), into estimates of Q 
(measured in ergs/s), w as developed in lWillott et al.1 |l999); 
iBlundell and Rawlingsl ll2000l). th e result is captured by the 
formula derived in IPunslvl (|2005): 

Q w 1.1 X 10 45 [X 1+a Z 2 F 151 ] ^ ergs/sec , (1) 
Z = 3.31 - (3.65) x 
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[X 4 - 0.203X 3 + 0.749A 2 + 0.444X + 0.205] ' 



'(2) 



where X = 1 + z, F 15 j is the total optically thin flux den- 
sity from the lobes (i.e., contributions from Doppler 
boosted jets or radio cores are removed). In this pa- 
per we adopt the following cosmological parameters: Hq=70 
km/s/Mpc, Qa = 0.7 and fi m = 0.3. We define the radio 
spectral index, a, as F v oc v~ a . The formula is most ac- 
curate for large classical double radio sources, thus we do 
not consider sources with a linear size of less than 20 kpc. 
Alternatively, one can also use the in dependently derived 
isotropic estimator from IPunslvl l|2fl 



5.7 x 10 44 (1 + z) 1+a Z 2 F lsl ergs/sec 



(3) 



Even though one can use the jet emission from the par- 
sec scale radio core to estimate, Q mo re contempor a neousl y 
with the accretion flow emission as in lCelotti et all lll997ll) . 
such estimates are prone to be very inaccurate. One is ob- 
serving a very small amount of "waste energy" such as X-ray 
or optical emission as the powerful radio jet propagates away 
from the source. One must then try to figure out the frac- 
tion of Q that is converted to waste energy in this region. 
Typically, the X-ray, radio and optical regions are observed 
with different spatial resolution, so it is unclear if one is de- 
tecting the same physical region on parsec scales as one syn- 
thesizes the broad band data. In cases in which there is suf- 
ficient broad band flux to make an estimate, one is plagued 
with the further ambiguity of determining the Doppler fac- 
tor of the relativistic jet. This is a critical obstacle be- 
cause the luminosity from an unresolv ed region scales with 
the D oppler factor to the fourth power iLind and Blandfordl 
jl985|). More shortcoming s of this method are discussed in 
iPunslv and Tingavl (I2005T) and a published example in which 
the Q is apparently miscalculated using radio core properties 
by three orders of magnitude is discussed explicitly. Thus, 
the most accurate estimates of Q should use an isotropic 
estimator such as the radio lobe flux in (1), even though it 
is just a time average. 

The total bolometric luminosity of the accretion flow, 
Lboi, is the thermal emission from the accretion flow (IR 
to X-ray), including any radiation in broad emission lines. 
To estimate, Lboi, we use the composite SED in table 2 of 
IPunslv and Tingavl fcOOrJ) . which see for details. This spec- 
trum, in combination with the broad emission lines, repre- 
sents the "typical" radiative signature of a strong accretion 
flow onto a black hole. This signature is empirical and it is 
independent of all theoretical models of the accretion flow. 
If L(v) h s is the observed spectral luminosity at the quasar 
rest frame frequency, v, then Lboi is estimated as 



Lboi = 1-35 



vL(v) ohs 
vL(v) com 



10 46 ergs/sec 



(4) 



where L(u) conl is the spectral luminosity from the composite 
SED. 

Finally, we list the equations used to estimate the cen- 
tral black hole mass, Mbh- The reader should consult the 
references for details. We estimate Mbh from the l i ne wid ths, 
F(H /3) or F(C IV) [Vestergaard and Peterson! i200d) or 
F(Mg in. lKong et all fcOOfJ) . where FO means "FWHM of 

M bh {Hf3) = 



M bh (ClV) 

^q6.66±0.01 



/ F(Hf3) V ( AL A (5100A)\ 



V lOOOkm/s J \ 10 44 ergs/s J 



( F(CIV) V Al a (1350A) V 
llOOOkm/si I 10 44 ergs/s J 



M 6h (MgII) 

-.6.53 



10° 



/ F(MgII) \ f \L X (30001) \ 
I lOOOkm/s J \ 10 44 ergs/s J 



(5) 



(6) 



(7) 



3 KINETIC ALLY DOMINATED SOURCES 

Table 1 is comprised of Q Edd = Q/LEdd > 1 QSOs that were 
found by cross-correlating all existing VLA, MERLIN and 
ATCA radio maps with the absolut e visual m agnitud es and 
broad line widths of the QSOs in IVeron-Cettv and Veronl 
lll99ll) . Sources that were discovered b y this method with 

R > 4 were previously reported in IPunslv and Tingavl 

(2006), which see for more details on the sample selection. 
A more in depth analysis showed that 3C 216 and 3C 455 
also belong in the table. However, as mentioned previously, 
due to the la ck of simultaneity between jet ejection and UV 
emission, the IPunslv and Tingavl i2006T) sample does not es- 
tablish the R(t) > 1 condition. In subsection (3.1) it is ar- 
gued that the QjL E dd > 1 jets in table 1 satisfy R(t) > 1, 
for some t. The first column is the source name followed by 
the redshift. Column 3 has two estimates of Q from (1) on 
the left and (3) on the right, separated by a slash. Column 

4 is Lboi estimated from (4) at the rest frame frequency 
in column 6. Column 5 is R. The last three columns are 
Lboi/ L E dd, QEdd an d the references. If more than one ob- 
served frequency was available, a second estimate for Lboi 
was provided for that source so that one can assess the error 
in using a composite SED to approximate Lboi- 

The QSO, 3C 455, requires some elaboration. This 
object has a narrow H/3 (FWHM = 620 km/s), yet the 
nuclear luminosity is far stronger than a narrow line ra- 
dio galaxy and its magnitude is more typical of a strong 
Seyfert 1 galaxy, hence it s histo rical classification as a quasar 
iGelderman and Whittle! (Il994f) . Implicit in the first estimate 
in table 1 is that the object is a narrow line Seyfert 1, but 
H/3 appears weak compared to [OIII]A5007 (H/?/[OIII]=0.2 
and H/3/[OIII]> 0.33 in narrow line Seyfertl's) because 
the narrow line region is greatly enhanced by emission line 
gas that is e xcited by the jet an d is aligned with the ra- 
dio structure IdeVries et alJ (Il999l) . In support of this inter- 
pretation, there is an elongated patch of diffuse emission 
enveloping the kpc radio jet a xis between th e two lowest 
contours of the HST image in iLehnert et alJ 1(1999) with 
a flux appro ximately equal to the narrow l i ne flux in the 
F702W filter IGelderman and Whittle! ill 9941) ; IdeVries et alJ 
( 1999). Alternatively, one can interpret the object as a nar- 
row line radio galaxy and Mbh can be estimated from the 
galactic host bulge luminosity. There are a variety of fits 
to the Mbh - host bulge lum inosity relation, but the fits of 
iMcClure and Dunlod (I2002T) offer the smallest scatter since 
they are based on large samples. The relation that is most 
relevant is the best fit estimator derived from 72 AGN in 



Kinetically Dominated FRII Radio Sources 3 



Table 1. FR II Quasars with Super Eddington Jets 



Source 


z 


Q 

10 45 ergs/s 


Lbol 
10 45 ergs/s 


h> 


freq 
(10 15 Hz) 


Lbol/LEdd 


QEdd 


rcf 


3C 216 


0.670 


15.1/14.1 


f» 0.12 


PS 120 


0.71/1.16 


0.05 - 0.1 


3.3 - 10 


1 


3C 455 


0.543 


7.13/5.04 


0.38 


18.7/13.3 


0.94 


1.42 


26.7/18.9 


2 






7.13/5.04 


0.38 


18.7/13.3 


0.94 


0.07 


1.33/0.94 


3 


3C 82 


2.878 


155.4/183.8 


14.5 


10.7/12.7 


0.014 


0.106 


1.14/1.35 


4 






155.4/183.8 


25.0 


6.22/7.35 


1.67 


0.245 


1.52/1.80 


1 


3C 9 


2.009 


148.3/174 


25.0 


5.93/6.96 


1.67 


0.264 


1.57/1.85 


5 






148.3/174 


38.8 


3.82/4.49 


0.0078 


0.324 


1.24/1.46 


6 


4C 25.21 


2.686 


59.3/59.7 


11.6 


5.11/5.15 


1.14 


0.198 


1.02/1.02 


5 


PKS 1018-42 


1.28 


63.9/65.2 


19.3 


3.31/3.38 


1.37 


0.428 


1.42/1.45 


7 






63.9/65.2 


14.7 


4.35/4.45 


1.37 


0.326 


1.42/1.45 


7 


4C 04.81 


2.594 


103.8/148 


35.8 


2.90/4.13 


2.30 


0.459 


1.33/1.90 


5 


3C 196 


0.871 


73.5/87.0 


31.6 


2.33/2.76 


1.53 


3.04 


7.10/8.41 


8 






73.5/87.0 


31.6 


2.33/2.76 


1.53 


0.238 


0.66/0.56 


9 


3C 14 


1.469 


52.38/51.68 


32.6 


1.61/1.59 


1.00 


0.604 


1.05/1.03 


10 


3C 270.1 


1.519 


65.1/66.6 


48.2 


1.35/1.38 


2.07 


0.844 


1.14/1.17 


5 



1. see IPunslvl 120071) . 2. continuum and FWHM from lGelderman and Whittle! 
esti mate in eqn (8), 4. L bo i and FWHM raw data froirijSejrieno^^^alJ J2004), 



199411 . Mbh from eqn (5), 3. M b h from bul ge luminosity 
M bh from eq n (6), 5. L bnl and FW HM from lBarthel et alj 



<1990l). M hh from eqn ( 6), 6. continuum from iMeisenheimer et al.U200ll) . FWHM fromlBarthel et al] il990l) .M^ h from eqn(6), 7 



iPunslv and Tingavl fcOOrjfi. M hh from eqn (7), 8. continuum and FWHM from lLawrence et alTTl996l) 



and FWHM from lLawrence et alj 



M bh from eqn (7), 10. 



--bh 

continuum and FWHM from Aars ct al 



Mbh from eqn (5), 9. continuum 
aj <2005l) . M bh from eqn (7) 



table 3 of iMcClure and Dunlor] J2002I) . 

log{M bh /M e ) = (-0.46 ± 0.03)M fl - (2.55 ± 0.72) .(8) 

Thus, we need to find Mr for the galactic bulge in order 
to utilize (8). The HST image is taken with the F702W 
filter and the apparent magnitude of the galactic bulge (after 
subtraction of the nucle ar core and e x tende d narrow line 
flux) is m702w = 21.53 IdeVries et al] il999Tl . The m,702w 
magnitudes are approximately the Cousins R magnitudes. 
The transformation to the Cou sins R magnitude alon g with 
the k-correction that is given in lFukuiita et all Il995l yields 
Mr = -21.5 and from (8), M bh = 4.2 x 1O 7 M . This is the 
basis for the second estimate in table 1. 

3.1 Super Eddington Jets 

A value of Q Edd > 1 suggests that even if the jet central 
engine is currently in a low state then at some epoch dur- 
ing the lifetime of the source it must have had R(t) > 1. For 
example, if PKS 1018-42 is not now nor has ever been kineti- 
cally dominated then the on average L bo i > lA5LEdd for the 
lifetime of the source. However, since Q = (1/T) J Q Q(t)dt, 
the peak values of the instantaneous Q(t), max* [Q(i)] > 
1.451/Bdd- Thus, one expects that max* [L bo i(t)] would have 
to exceed lA5LEdd by a significant amount at certain epochs 
in order for the PKS 1018-42 to have always been in an 
R(t) < 1 state. This is inconsistent with the magnitudes of 
the peaks in the duty cycl e of quasar L bo i ( t) /L Edd ba sed on 
our current knowledge, see iBorosonl ]2Q02^ : IHoI J2005t) . More 
importantly, the estimates of 268 AGN in IPunslvl (2007) 
utilized the same estimators, eqns. (5)- (7), used here and 
L bo i/L E dd < 1 for all the broad line AGN. Furthermore, 
note that most of the QSOs in table 1 have prodigious ac- 
cretion rates and R > 1 is not a consequence of the quasars 
being in a state of suppressed accretion. The most likely 
explanation of the data in table 1 is that these sources ex- 
perienced epochs in which R(t) ~ 1 — 10 as opposed to the 



alternative explanation that the broad line sources had pro- 
tracted phases in which L bo i{t)/L Edd ~ 1 — 10. 

3.2 The Validity of the Estimates 

Since the data set is small, the analysis of the data is partic- 
ularly sensitive to the integrity of the estimates in table 1. 
The main drawback to the argument above is that the esti- 
mates of M b h could be off by a large amo unt in an individual 
object. fVestergaard and Petersonl feOOfil) . and these sources 
appear to have Q E dd > 1 merely as a result of these errors. 
If this were the fundamental explanation of the Q Edd > 1 
estimates then a statistical anomaly must also present, the 
0.5 ^ QEdd ^ 1-0 QSOs just below the threshold of table 1 
never have M b h over estimated (i.e. there are no false neg- 
atives for the criteria Q E dd > !)■ ^ n subsection 3.2.3, it is 
shown that this anomalous requirement conflicts with the 
data used to create the virial mass estimates. Furthermore, 
there could also be err ors of smaller magnitude associated 
with the estimates of O IPunslvl 1(2005). 

3.2.1 Suppressing Error Propagation 

The possibility of these types of errors in table 1 is dealt 
with by introducing as many different sets of observational 
data as possible in order to obtain independent estimates of 
the same quantities. Thus, any results that are way "out of 
family" like Q E dd ~ 26.7 for 3C 455 can be flagged as unreli- 
able. In order to expose the largest potential source of error, 
M b h, is computed from as many different spectral bands 
and emission lines as possible (generally two entries in table 
1). Similarly, we compute Q from two different estimators. 
Furthermore, we estimate all potentially reddened QSOs by 
finding an IR flux estimate to reveal hidden AGN UV lu- 
minosity (this will affect (5)-(7)). For example, 3C 190 fails 
to meet the Q E dd > 1 criteria because it has considerable 
hidden AGN UV emission, see table 3 of lPunslv and Tingavl 
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The Kinetic Eddington Ratios of 3CRR QSOs 




-1.75 -1.25 -0.75 -0.25 0.25 0.75 

The Log of the Kinetic Eddington Ratio 

Figure 1. A histogram of the distribution of \og(Q Edd ) for the 
3CRR QSOs ^ 20 kpc in linear extent. The center of each bin is 
indicated on the horizontal axis. All of the sources in the two bin 
on the far right satisfy Q Edd > 1- The mearl value of Q Edd = 
0.52 ±0.9 



(2006). The errors might still persist and the potential ef- 
fects are discussed in the following two subsections. 

3.2.2 3CRR Quasars 

One way to assess the role of the statistical scatter in 
the estimators is to study the complete 3CRR sample. 
We estimated Q Ed d f° r every QSO > 20 kpc (remem- 
ber, (1) and (3) are not accurate for linear sizes less 
than 20 kpc). Figure 1 is a histogram of the distri- 
bution of log(<3 B(H ). Every effort was made to average 
away errant est i mates . Every available broad li ne FW HM, 
iLawrence et alJ <199fft:lBrqtherton et al fliffl-l : IWills et al " 



199511 : lAars et aM2005h: iGu et all (120011): iMarziani et aJ 
200311 : iBarthel et al.1 (Il990l) : iKuraszkiewicz et all J20Q. 



and continuum flux densi t y. [L awrence et alJ 
Wills et al.1 <1995ft: | Aars et aH2005h : IBarthel et al] 
Kur^gzkigwkjz^^i ^2QQ^7^ lMersenh^mier*l!THd] 




Simoson and Rawlings (2000), was gathered for each source 



from the literature and every combination of these was used 
to estimate numerous values of Mbh from (5)-(7). These val- 
ues were then averaged for each source. This average Mbh 
and the average Q from (1) and (3) were used to compute 
the "best estimate" of Q Edd for each source. These estimates 
were then assembled in the histogram of figure 1. This his- 
togram shows that the Q Edd > 1 QSOs are just the high end 
of a smooth distribution of Q Edd for the complete sample 
and are not outliers. Over 30% of the QSOs have Q Edd > 0.5. 
This method of assigning Q Edd > 1 to a QSO is very con- 
servative. A single large estimate for Mbh will swamp the 
other smaller Mbh estimates and suppress the large Q Edd 
values (such as in 3C 196, 3C 190 and 3C 455). If one were 
to average the Q Edd values instead then large Mbh would 
be suppressed and there would be four 3CRR QSO with 
Q E dd > 4. 



3.2.3 An Analysis of the Distribution of Errors 

There are two major facts that allow a clear interpretation 
of the effect of the errors in the estimation techniques on 



the Q Edd ~ 1 QSOs in table 1 and figure 1. Firstly, the 
detailed investigation of 3C 216 in IPunslvl (120071) illustrates 
the existence of Q Edd > 1 QSOs very convincingly. The 
Q Edd > 3.3 condition in 3C 216 is verified by three in- 
dependent estimators of Mbh, F(H/3), F(Mg II), and the 
host bulge luminosity. Secondly, there is no evidence that 
the scatter in the best fit estimators is skewed asymmetr i- 
cally to low values of Mbh IVestergaard and Peterson! d2006f) : 
iKong et al.1 i2006T) . Comparisons to reverberation mapping 
based estimates indicate that the errors are symmetrically 
distri buted about the be s t fit estimators, eg. figure 9 of 
IVestergaard and Peterson! (120061) . If not for these facts, one 
could take a pessimistic view and plausibly argue that the 
Q Ed d > 1 sources in table 1 and figure 1 are an artifact of 
selecting those sources in which the errors associated with 
the line width estimation techniques have underestimated 
Mbh- This argument implicitly assumes that the high end 
of the log(Q Edd ) distribution represents the variance in the 
line width estimators, not the actual spread in Mbh- How- 
ever, the example of 3C 216 demonstrates that Q Edd > 1 
sources exist, indicating that the more reasonable explana- 
tion of figure 1 is that the errors in the estimates are ran- 
domly distributed and they are not skewed preferentially to 
produce low Mbh- In particular, some of the sources with 
Q Edd > 1 are probably actually, Q Edd < 1 sources, but a 
similar number of the 0.5 < Q Edd < 1 sources are actually 
Q Ed d > 1 sources. 

It is worth expanding the discussion of the Q Edd > 1 
sources beyond the most conservative of claims made above. 
This condition is far stronger than Q(i) m ax > QEdd and 
in general indicates episodic values of Q(t) considerably in 
excess of QEdd- More realistically based on the discussion 
of section 3.1, all the sources that have Q Ed d > 0.5 almost 
certainly had episodes in which Q E dd > 1 and the R(t) > 1 
condition was satisfied. Considering that the median value 
in figure 1 is Q Edd = 0.26, ~ 0.3 — 0.5 of the the 3C sources 
were likely to have been kinetically dominated at some time 
in their past. This claim can not be extended to the FR II 
population as a whole, but is a consequence of the fact that 
the 3C QSOs typically reside at the high end of the steep 
extended luminosity distribution for radio loud quasars. 



4 DISCUSSION 

The article demonstrates that many FR II sources are likely 
to exist in a state of R(t) > 1. The Q Edd > 1 jets must 
satisfy max t [-R(f)] > 1, or else the accretion disks of the 
broad line AGN would episodically be in an un-ph ysical state 
of L b o i(t)/L Edd > 1. The Mid-IR 3C sample of lOgle et al 
( 2006) indicated that ~ 1/2 of the FR II narrow line ra- 
dio galaxies had no hidden quasar. Based on the discussion 
above, these are likely candidates to be in a state of R(t) > 1. 

As a consequence of the near independence of th e 
UV spectrum on the ra dio state, IdeVries et alJ (2006); 
ICorbin and Francis! lll994h , it has been argued that the black 
hole and not the accretion disk is the power source for 
FR II jets ISemenov et alJ i2004T) . A large scale magnetic 
flux trapped within the central vortex of an accretion disk 
can produce r elativistic jets, as seen in t he MHD numerica l 
simulations oflHawlev and Krolikl <|2006l) : iMcKinnevI fcoOSll : 

nslvl 



iMcKinnev and GamLmier32^0^ ~Yet. as discussed in lpunsfv 
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(2007) these simulations are restricted to a maximum R 
value, Rmax < 0.5. The magnetic field line configuration 
leading to a relativistic jet is created and maintained by 
"pinning" the poloidal flux to the event horizon by a strong 
accretion flow in conjunction with an incredibly massive and 
unobserved enveloping wind that transports > 1M@ /yr of 
relativ istically hot p rotonic gas at 0.3c-0.4c for an FR II 
quasar IPunslvl i2007l) . The black hole actually gains energy 
over time due to the intense accretion flow (and associated 
energy influx) required to compress a large magnetic flux 
onto the small surface area of the event horizon. Thus, a jet 
with large Q requires an intense accretion flow that will ra- 
diate profus ely for the radiative e fficiency predicted in these 
simulations. iBekwith et all J2OO6 ) , and -R ma x ~ 0.1 

Alternati vely, the black hole energy extraction model of 
IPunslvl fcOOll) and references th erein that was numerically 
realized in Scm enov et alj i2004l) is based on large scale mag- 
netic flux that threads the equato rial plane of the ergosphere 
(the active region) of a black hole lPenrosd il969t) . The theo- 
retical Q values are 2 orders of magnitude larger than for flux 
pinned on the event horizon because the surface area of the 
equatorial plane in the ergosphere is ~ 10 times larger than 
the surface area of th e horizon that is threaded b y magnetic 
flux in simulations of|H awleY and Krolikl 12006): Mc KinnevI 
( 2005*1: iMcKinnev and G£mmfieTil20o3r for rapidly spinning 
black holes (parameterized by a/A/ ~ 1, where "a" is the 
angular momentum per unit mass of the black hole in ge- 
ometrized un its), and the je t powe r scales like the surface 
area squared ISemenov et al.l i2004t) . These solutions atta in 
a value, 7?max, that was calculated in IPunslvl (|2007t EoOlh . 

iW » 11 — (a/M) 10 ' 5 , 0.90 < a/M < 0.99 , (9) 
e 

where e is the radiative efficiency of the accretion flow, 
Lf/oi = e(dM/dt) and (dM/dt) is the accretion rate from the 
disk to the blac k hole. The maximum efficie ncy from a thin 
disk is e ft! 0.3 iNovikov and Thornd" lll973l) . For high L bo i 
objects, luminous qua sars, one expect s e to be ne a r max i- 
mal and a/M ps 1 fsee lBardeenl Jl970l) : lElvis et alJ J20021) '). 
thus i?max ~ 10 which would explain the high Q episodes 
required to maintain a long term time average of Q Edd > 1. 

These arguments seem to indicate that the essential 
element that separates a radio quiet QSO from one that 
launches a strong FR II jet with R ~ 1 is the for- 
mation of strong vertical magnetic flux in the equatorial 
plane of t he ergosphere. This is pr e vented in t h e sim - 
ulations of lHawlev and Krolikl J2006ft ; iMcKinnevI <2005l) : 
iMcKinnev and Gammid (12004) as a very weak seed mag- 
netic field is swept up in a single MHD fluid and compressed 
onto the black hole. Alternatively, ISpruit and Uzdenskvl 
( 2005) have investigated low angular momentum flux tubes 
that evolve separately from the bulk of the MHD fluid. In the 
two-fluid dynamics, the strong flux tubes "swim" relative to 
the bulk MHD fluid and slowly move into the ergosphere. 
This could be an essential piece of missing dynamics in the 
present codes. 
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